ABSTRACT
INTRODUCTION
Lactobacilli, the major group of lactic acid bacteria (LAB), are the most commonly studied probiotics because of their strain-specific properties that are beneficial to health. Several studies have defined their mechanism of action based on: the modification of the immune system, harmonization of local microenvironment and strengthening of the intestinal barrier through the production of antimicrobial agents, competition for nutrients and the inhibition of the adhesion of pathogenic bacteria [7, 19, 32] .
According to the probiotic definition, a prerequisite of probiotic bacteria is that they need to reach the target location within the host, i. e., the gastrointestinal tract, in sufficiently high numbers to exert their healthful advantages [28] . The main factors to be considered that influence the viability of probiotics in the gastrointestinal tract (GIT) conditions are: very low pH in the stomach, bile salts and gastro-enzymes in the small intestine, lysozyme in saliva, and the colonic environments [29] . Even if bacteria can survive these stresses, exposure to such conditions can affect their probiotic properties. Various studies suggest synergistic as well as adverse relationships between the influence of gastrointestinal stress and the functional properties of probiotic strains [3] . Bacteria are equipped with several mechanisms to cope with hostile environments. These include: regulatory chaperone proteins, that act to repair proteins and DNA damage, proton translocation (extrusion) by the F1F0-ATPase, bile efflux pumps, changes in the energetic metabolism, decarboxylases and transporters to combat decreases in intracellular pH, bile salt hydrolase, changes in the lipid composition of the cell membrane and alteration of cell surface by production of exopolysaccharides [4, 26, 37, 39, 42, 45] .
Many LAB, including Lactobacillus, have the ability to synthesize long chains of homopolysaccharides or heteropolysaccharides, consisting of (branched) repeating units of sugars or sugar derivatives, which may be substituted with various chemical moieties [35, 47] . Naturally, the bacterial exopolysaccharides (EPS) have a protective function within the natural environment. The EPS may protect bacteria against desiccation, phagocytosis, phage attack, antibiotics or toxic compounds and osmotic stress [17, 33] . Exopolysaccharides create condition for the initial steps during the colonization of abiotic and biotic surfaces and long-term attachment of biofilms [31] . In the gastrointestinal tract, biofilms could facilitate and promote the colonization and persistence of beneficial strains, which allow the expression of the probiotic properties [20] . Moreover, EPS exerts a blocking of specific receptors of the host cell membrane by competing and inhibiting the formation of biofilms by pathogenic bacteria [8, 12, 21] . The occurrence of EPS-producing LAB strains in the digestive tract could indicate the importance of EPS production for adaptation of these bacteria in this type of stress conditions [18, 43] .
The present study investigates the relationship between the EPS production and the resistance of intestinal Lactobacillus reuteri to bile salts and low pH. Artificial gastric as well as small intestinal juices were used to create conditions similar to the in vivo conditions.
MATERIALS AND METHODS

Bacterial strains
The EPS producing strains of lactobacilli, based on mucoid phenotype criteria observed in modified De ManRogosa-Sharpe agar (MRS; Carl Roth GmbH + CO. KG, Karlsruhe, Germany) containing 10 % sucrose (Mikrochem, Pezinok, Slovakia) at 37 °C, were isolated in our laboratory from the gut contents of healthy suckling piglets and pheasants. Lactobacilli were incubated anaerobically (Gas Pak Plus, BBL Microbiology systems, Cockeysville, Maryland, USA) at 37 °C for 48 h. In a previous study [38] 
Isolation and quantification of EPS
A semi-defined medium (SDM) [22] , with low amounts of EPS equivalent ingredients, was used for the EPS culture from isolated lactobacilli strains. The SDM consisted of (g.l ) and bile salts (1.5 and 3.0 mg.ml ) and bile salts (50 % sodium cholate and 50 % sodium deoxycholate) were obtained from Sigma-Aldrich.
Stress tolerance assays
One milliliter of the stock culture was diluted in 10 mL of MRS broth and incubated at 37 °C for 16 h. The overnight culture was then diluted 10 times with fresh MRS broth.
The subcultured cells were allowed to grow to reach the midexponential phase, corresponding to a concentration of approximately 108 cells mL (OD at 620 nm = 0.6 -0.7).
The bacterial culture was centrifuged (3800 × g for 30 min at 4 °C), the supernatant was removed, and the pellet was 
Statistical analysis
The data were analyzed with GraphPadPrism version 3.00 (GraphPad Software, San Diego California USA, www.graphpad.com.) by one-way analysis variance (ANO-VA) followed by Tukey's multiple comparison test. Values of P < 0.05 were considered significant.
RESULTS AND DISCUSSION
EPS are high-molecular-weight sugar polymers, which can be either covalently associated with the bacterial cell surface forming a capsule, or secreted into the environment of the cell in the form of slime or ropy EPS [11] . In this study, the EPS production by the intestinal L. reuteri isolated from the gut contents of piglets and pheasants was deter- Generally, the yield of production is under 1 g.l -1 for HoPSs when the culture conditions are not optimized [5] .
The results of the recent studies demonstrated that EPS can play a role in the resistance to stress conditions by lactobacilli and bifidobacteria. The physical barrier created by the EPS on the cell surface is probably the mechanism by which EPS producer is protected from adverse environmental conditions [34] . D o n o g h u e and N e w m a n
[15] concluded, that EPS affected the susceptibility of the and L. reuteri B1/1, leads to almost 100 % mortality.
Based on our results, we determined that not only EPS formation but also the amount of EPS could significantly affect the ability of L. reuteri to survive in the harsh con-ditions of the GIT. This is in accordance with a similar study that investigated the relationship between the quantity of EPS and low pH or bile salts tolerance in yogurt isolates [9] . Highly producing EPS strains of Lactobacillus delbruckii subsp. bulgaricus B3, G12 and Streptococcus thermophilus W22 demonstrated a higher resistance to low pH 2 and 0.3 % bile than strains with low EPS production.
Similarly, in bifidobacteria isolated from infants' faeces and breast milk, the positive correlation between the quantity of EPS production and resistance to bile salts or low pH was detected. The strains of bifidobacteria that produced high levels of EPS showed a higher tolerance to acid and bile [1] . genes impaired both colonisation and competition [46] .
CONCLUSIONS
The survival of the probiotic bacteria during transit to the site of colonisation is an important issue. This study investigated a possible relation between the EPS production and the resistance of intestinal L. reuteri within the GIT.
A relationship could be seen between the quantity of EPS production and resistance to the artificial GIT conditions.
L. reuteri L26 BiocenolTM demonstrated the highest production of the EPS and exhibited the highest survival rate when challenged with gastric and intestinal juices in in vitro conditions. In our previous study it was found, that this strain showed in in vitro conditions inhibitory activity against pathogenic strains, sensitivity to antibiotics, biofilm formation, production of acids and produced an 
